Abstract: Many countries encourage brownfield regeneration as a means of sustainable development but define "brownfield" differently. Specifically, the definitions of brownfield in the regeneration policies of countries with higher population densities usually promote recycling land that is previously developed, whether or not there is chemical contamination. Further, the de facto definition of brownfield used by the UK government focuses on previously developed land that is unused or underused. The ANOVA in this study revealed that local authorities in England (n = 296) with higher percentages of derelict and vacant land tended to be more deprived based on the English Indices of Multiple Deprivation, which evaluate deprivation from the aspects of income, employment, health, education, housing, crime, and living environment. However, the percentage of previously developed land in use but with further development potential had no significant effect on the deprivation conditions. The Blair-Brown Government (1997~2010) encouraged more than 60% of new dwellings to be established on the previously developed land in England. The analyses in this study showed that this target, combined with the definition of brownfield in the policy, may have facilitated higher densities of residential development on previously developed land but without addressing the deprivation problems. These observations indicate that a definition of brownfield in regeneration policies should focus on previously developed land that is now vacant or derelict if land recycling is to contribute to sustainable communities.
Introduction
"Sticks and stones may break my bones, but words will never hurt me." This article, however, contradicts this rhyme by giving an example of the unintended consequence resulting from the definition of brownfield in the regeneration policy. Words can be as powerful as sticks and stones.
Brownfield land appears during the processes of deindustrialisation and suburbanisation. Regenerating brownfield is a recommended recipe to improve social, economic and environmental sustainability [1, [2] [3] [4] [5] . However, brownfield regeneration has been implemented based on regulations which define brownfield differently [3, [7] [8] [9] [10] . In particular, "brownfield" in UK regulations covers unused and underused land that is previously developed [3, 7, 10, 11] .
We are interested in the effects of different types of brownfield land on local socio-economic conditions and greenfield development in highly urbanised regions and countries such as England. This may have implication on the diverse definitions of brownfield in regeneration policies.
The paper begins with a review of the origin of brownfield land, the strategies to regenerate brownfield land, the effects of urbanisation and regional variations on brownfield land, and the controversies with brownfield redevelopment. The review is followed by the descriptions of the databases and statistical methods used in the study. Results and discussions are then presented in support of a recommended brownfield definition for countries and regions with high population densities.
The Origins of Brownfield Land
Derelict or contaminated land that appears during deindustrialisation and suburbanisation is commonly understood as brownfield land [7] . During deindustrialisation, the out-migration of industrial sectors leaves some potentially contaminated empty land to local communities. The service sectors that replace the industry usually require less land on which to operate. Thus, the transition generates derelict and potentially contaminated land. On the other hand, during the process of suburbanisation, affluent people move from city centres to the fringes of urban areas for a better quality of life [12, 13] . As a result, many properties in city centres become depreciated and derelict.
The phenomena progress concurrently with many negative socio-economic effects on the neighbourhood areas. Besides the potential untreated contamination and unemployment resulting from the removal of an industry, the derelict properties attract crimes and become eye-souring spots [6, [14] [15] [16] [17] [18] [19] ; these reduce the value of the properties in the area, and the incentive of investors to redevelop the area. Consequently, the deteriorated quality of life creates further out-migration and more dereliction. Furthermore, as growing populations agglomerate towards urban areas, the ineffective reuse of brownfield land implies unnecessary new developments are being established on greenfield land at urban fringes. Overall, the existence of brownfield worsens socio-economic deprivation as well as environmental degradations.
Countries experiencing deindustrialisation and suburbanisation have used legislation to encourage the reuse of brownfield land. By doing so, governments intended to facilitate brownfield recycling to restore the prosperity to communities, and to protect human and environmental health (for example, the statements by DETR [1] , and the Small Business Liability Relief and Brownfields Revitalization Act implemented in the U.S. in 2001) [2] .
Urban living has advantages such as quick access to local facilities, convenient public transportation, better access to employment opportunities, and higher possibilities for social interactions [37] . A higher proportion of people living in urban areas could mean less greenfield development, more efficient delivery of energy and water, and more effective use of public facilities. These lead to greater public savings and a better chance to conserve nature, which can contribute to sustainable development. However, many affluent people prefer to live in rural areas for better air quality and access to green spaces [35] [36] [37] [38] . Depending on the preferences for urban or country living, the degree of urbanisation could affect the potential and popularity of brownfield redevelopment.
Based on the profit return after redevelopment, the CABERNET A-B-C model considers three types of the brownfield land: A sites, the brownfields where redevelopment can be driven by free market mechanism; B sites, the marginal profitable brownfields requiring public and private input to facilitate regeneration; C sites, brownfield that is not profitable and required public fund for redevelopment [29] . Unused PDL, particularly land that has been derelict for a long time, is likely to be a B or C site.
In England, the northern regions have larger proportions of unused PDL, so the regions need more public supports to make regeneration happen. By contrast, business and financial sectors have been clustered in southern regions in recent years [39, 40] ; the land prices are higher in the south [41] . Therefore, PDL in the south is more likely to be underused than unused [42] , to be A sites than B sites or C sites. The areas have higher chance to be redeveloped by private sectors. This demonstrates that differences in socio-economic characteristics and land resources also affect the brownfield recycling.
Further, the northern regions or the highly urbanised areas of England are more likely to have worse deprivation conditions [43] . These areas should be the focus of policy for regeneration given the objective of brownfield regeneration is to rebuild socio-economically sustainable communities.
The Controversy of Brownfield Redevelopment
Although the brownfield land coexists with unsustainable conditions such as higher unemployment, worsen living conditions and more criminal offences, it is arguable that a reduction in brownfield land will necessarily restore sustainable conditions [9, 27] . For example, redevelopment in the form of gentrification makes physical improvement to a neighbourhood, but the replacement of deprived residents only moves socio-economic issues elsewhere without solving them [27, 44] . A case study verified this by showing that the physical makeover of derelict properties removed criminal offence from the neighbourhoods. The overall criminal offence rate, however, remained the same at the local authority level [14] . On the other hand, there are also successful brownfield regeneration cases that revitalised deprived areas [32, 45, 46] . The mixed conclusion with brownfield redevelopment could result from the different types of brownfield redeveloped, the processes of redevelopment, and the perspectives of different stakeholders. This study focuses on the effects of the types of brownfield developed according to the definition in the policy. The results of the previous case studies cannot necessarily be extrapolated to regional or national scales, at which policy and legislations are made and implemented. Since this study is interested in the effect of regulatory policy at regional and national level, the analysis on the dataset at national level may be required.
The study took advantage of the accessibility of the land use data and indices of deprivation in England to analyse the questions of interest. This study statistically analysed land use data from local authorities in England to investigate which types of brownfield land are most relevant to socio-economic deprivation and greenfield protection. Deprivation is considered a signal of unsustainable socio-economic conditions, while greenfield preservation is considered to be an indicator of improving environmental sustainability. Based on the results derived from analyses of variance (ANOVA), t-test and the comparison of greenfield and brownfield development in England, the paper discusses the possible effects of the types of PDL on socio-economic deprivation and greenfield preservation. The paper concludes with the suggestion that for countries or regions with high population densities, to further encourage sustainable development, the definition of brownfield in the regeneration policies should exclude the underused land or land that is profitable for redevelopment without regulatory intervention (A site). Furthermore, the redevelopment targets should be allocated based on the concept of mixed use to accommodate the regional differences as well as the degrees of urbanisation.
Data and Statistical Analyses

National Land Use Database of Previously Developed Land (NLUD-PDL)
PDL data reported in 2004 at local authority level were obtained from the National Land Use Database of Previous Developed Land (NLUD-PDL) [47] This classification excludes the agriculture, forestry, mining, landfill, recreation grounds and the land that has "blended into the landscape" [49] . The presence of contamination is not a requirement to be considered as brownfield [49] .
The five classes (Class A to Class E) of PDL were grouped into three types in this study depending on the level of abandonment (Table 1) . Derelict PDL refers to Class C PDL in the NLUD-PDL. Vacant PDL includes Class A PDL and B PDL; they became vacant for less than one year. Derelict PDL and vacant PDL were both considered unused PDL. Underused PDL is the PDL that is currently in use but have not reached its optimised capacity (Class D and E). Total PDL encompasses all three types. Class F PDL was not included in the analysis since redevelopment has already commenced on the land, and the estimation of the areas has not been published. [47, 49] ; 2 Refers to the land that has not been used for more than a year; 3 Refers to the land and properties that have not been used for up to a year.
The areas of PDL were converted to the percentages of the administrative areas of local authorities, obtained from the 2005 General Land Use Database (GLUD) [50] .
Indices of Multiple Deprivation (IMD) 2010
The IMD published by the CLG describes deprivation in England from the aspects of income, employment, health, education, housing, crime and living environment [43, 49] . It represents a situation of "a lack of resources of all kinds, not just financial" [49, p.8] . The degree of deprivation is primarily estimated based on the percentages of the population exhibiting one or more deprivation characteristics in a local authority or at a lower tier of super output areas (LSOA) ( Table 2 ), a geographic unit that encompass 1000 to 3000 people. Additional parameters in the indices describe the poor accessibility to infrastructure. These parameters cover major conditions that co-exist with brownfield sites. For example, unemployment, like brownfield land, could be an immediate result of deindustrialisation. Other conditions such as poor performance in education could be the long-term or indirect effects of a brownfield site. Two variables, average IMD scores and local concentrations, in the IMD 2010 report were utilised in the analysis. Local concentration is the "population weighted average of the ranks of a district's most deprived LSOAs that contain exactly 10% of the district's population" [49, p.55] . The district here refers to the local authorities. This variable represents the degree of deprivation in the most deprived spots in a local authority. The average IMD scores reflect a general condition throughout a local authority. The effects (or the lack of effects) of brownfield land on these two variables can indicate whether the effects of brownfield land are restricted to its vicinity (presumable deprivation hot spots) or beyond.
The Estimation of Urbanisation
The degree of urbanisation is represented by the percentage of urban areas to the total administrative area of a local authority. The urban areas were estimated by the areas of LSOA designated in the Rural and Urban Area Classification as "urban" [51] . The GLUD records the area size of each LSOA in England [50] . Based on the percentages of urbanised areas, local authorities were sorted into 11 groups for further statistical analyses: 0%~<10%, 10%~<20%, 20%~<30%, 30%~<40%, 40%~<50%, 50%~<60%, 60%~<70%, 70%~<80%, 80%~<90%, 90%~<100%, and 100%.
The Determination of Regions
To investigate the influence of regional conditions on the relationship between IMD and PDL in the ANOVA, the authorities were coded based on the nine regions of England (the North West, the North East, the Yorkshire and the Humber, the West Midlands, the East Midlands, the South West, the Greater London, the East of England, and the South East).
The Development of PDL and Non-PDL
Additional statistics relevant to land use were obtained from Live Tables of Land Use Change Statistics published by the CLG published in July 2011 [25] . The tables describe areas being developed each year in England, the nature of the areas (non-PDL or PDL), the percentages of new dwellings established on the PDL during four periods: 1995~1998, 1999~2002, 2003~2006 and 2007~2010, and the nature of the PDL (vacant, derelict or in use).
ANOVA Analysis
To analyse the relationship between socio-economic deprivation and areas of brownfield land, the significance of statistical differences (p < 0.05) among groups was evaluated by a multivariate ANOVA followed by a lack-of-fit test. In the analysis, the log-transformed percentages of PDL in local authorities in 2004 were the independent variable and deprivation conditions reported in 2010 (average IMD scores or local concentrations) were the dependent variables. For each ANOVA, the influences of a specific type of PDL (Section 2.1), the degree of the urbanisation of local authorities (Section 2.3), and the regional identity of local authorities (Section 2.4) on one of the two deprivation variables (Section 2.2) were evaluated. The procedure was repeated to analyse the effects of different types of PDL on the two deprivation variables.
Due to changes in the boundaries of some local authorities, a number of local authorities were eliminated from the ANOVA because the areas where PDL data in 2004 and deprivation data in 2010 were obtained do not match.
Independent-Sample t-Tests
To evaluate the effects of dwelling densities on socio-economic deprivation, local authorities in England were sorted into two groups: one with less than 60% of residential dwellings established on PDL each year, and another with equal or more than 60% established on PDL each year. The average IMD 2010 scores and the local concentrations of the two groups were subjected to a 2-tailed independent-sample t-test at the significance level of 0.05, assuming unequal variance between the two groups.
The sorting of local authorities was based on records in The t-test was repeated based on records in each of these four periods.
Results
The Effects of PDL on Socio-Economic Deprivation Scores
During the phase of data exploration, the scatter plots of the percentages of different types of PDL and IMD 2010 scores or local concentration scores revealed the patterns that higher percentages of PDL, vacant or derelict land in 2004 collocated with higher IMD 2010 scores and local concentration. However, some local authorities with lower percentages of PDL also had equally severe deprivation conditions. Since the relationships between different types of PDL and the deprivation scores are not linear, using linear regression technique as an analytical tool is not appropriate. ANOVA may be more suitable to examine the relationship.
On the other hand, the average IMD 2010 scores and local concentration scores of local authorities decreased from the north towards the south in England with the exception of the Greater London region (Figure 1a) . The average deprivation scores and severity of deprivation hot spots seemed to increase in the local authorities with higher degree of urbanisation (Figure 1b) . These verified that urbanisation and regional differences could affect the degree of deprivation. Therefore, the factors are included into the ANOVA.
The results of ANOVA showed that, after the potential effects of regions and urbanisation were accounted for, differences in the IMD 2010 scores (F(1,295) = 16.90, p < 0.001) or local concentration scores (F(1,295) = 22.32, p < 0.001) were significant among authorities with different percentages of total PDLs (Table 3) . However, the percentages of underused land had no effect on the Furthermore, the percentages of the land vacant for less than one year (F(1,295) = 24.77, p < 0.001), and the land derelict for longer than one year (F(1,295) = 17.37, p < 0.001) in 2004 had significant effects on the IMD 2010 scores (Table 3) . Likewise, both derelict land (F(1,295) = 19.34, p < 0.001) and vacant land (F(1,295) = 17.27, p < 0.001) have significant effects on the severity of deprivation hot spot. Additionally, the trends of deprivation conditions (both IMD scores and local concentrations) based on regional differences and degree of urbanisation observed in Figure 1 are statistically significant. The only exception is the effect of urbanisation is statistically insignificant on local concentration when the factors of regions and total PDL are considered. However, the conditions of deprivations are still significantly different if considering regions and unused PDL. (Figure 2b) . The redeveloped PDL, however, only occupied about 60% of land developed (Figure 2b) . Furthermore, the vacant land and derelict land by themselves are at least two times of land developed (Figure 2b) . However, the vacant and derelict land developed each year only covered lower than 15% of the total land developed. The majority of the PDL redeveloped was underused land. Interestingly, although the amount of total PDL and derelict and vacant land decreased steadily, the underused land has been gradually increasing (Figure 2a) . Moreover, ratios of all types of PDL to the land developed each year are increasing with some fluctuation (Figure 2b) , due to the lower amount of land developed in the later years of millennium. At the regional level, the patterns were similar to the chronological results for all of England (Figure 3 ): the amounts of total PDL in all regions exceeded several times the average amounts of land developed. No more than 70% of development took place on PDL except for the Greater London region (89%, represented by the purple bars in Figure 3b) . Furthermore, in all regions except London (28%), only less than 18% of the land developed annually was derelict and vacant land (Figure 3b) . The majority of redevelopment took place on underused land, increasing the development densities at those sites, while less attention was paid to redeveloping the vacant and derelict land. The chronological trend of underused and unused land in Figure 2 was further analysed at the regional level. Between 2001 and 2007, in most regions, the derelict and vacant land decreased (Figure 4a ). On the other hand, we saw a higher degree of increase of underused land in northern regions (North East, North West and Yorkshire and Humber); no clear trends were observed in the midlands and southern regions (Figure 4b ). 
Amount of PDL and Land Needed for Redevelopment
The Effect of the Density of Residential Development on PDL on the Conditions of Deprivation
The Blair-Brown Government's redevelopment target aimed for "60% of new housing in England on previously developed sites by 2008" [1, p.65] (hereafter referred as the 60% target). In practice, this means more than 60% of residential dwellings have to be built on PDL. By 2003, more than 60% of dwellings had been established in England annually (based on the [25] . During this time, the numbers of local authorities achieving the 60% target consistently increased ( Figure 5 ). (Figure 5b) . The results showed that higher dwelling densities on PDL improved deprivation conditions in neither the long term nor the short term.
Discussions
This study showed that the percentages of unused land in local authorities positively correlated with the socio-economic deprivation conditions (Table 3) , while the amount of underused land had no clear correlation with socio-economic deprivation. Although the significance of correlation does not necessarily indicate causation, the insignificant correlation made a strong argument that the amount of underused land does not cause deprivation. Therefore, the underused land should not be included in the definition of brownfield and the target of redevelopment.
Further, the study also demonstrated that the redevelopment was more than likely to take place on underused PDL in all regions of England, if not greenfield in terms of areas (Figures 2 and 3) . On the other hand, the increased density of residential dwellings on PDL 60% and beyond has not significantly reduced socio-economic deprivation at local authority level ( Figure 5) . These indicate the definition of brownfield in the policy should at least exclude the underused land if the target is to improve sustainability at local authority level. The 60% target set to improve sustainability in the policies of the Westminster government also warrants reconsideration. .
The Effects of Regions, Urbanisation and PDL on Socio-Economic Deprivation
The deprivation condition significantly worsened from the south towards the north in England with exception of the Greater London Region (Figure 1, and Table 3 ). Apart from the particular regional socio-economic and local political histories, regional differences in the attitudes of reusing PDL may also have played a part in affecting the deprivation conditions. Opportunities exist for integrating regional planning and brownfield regeneration to alleviate socio-economic deprivation and to create sustainable communities.
This study showed that unused land is more likely to associate with deprivation conditions at local authority level as well as LSOA level (Table 3) . However, the definition of brownfield to date and the policy target set by the Blair-Brown Government did not differentiate underused and unused land. The policy made cities in England more compact without significantly improving deprivation conditions ( Figure 5 ). This may be because proportionally more underused land is available in the south, while more vacant and derelict land is in the north [42] . The policy, as shown in this study, encouraged a higher density of dwelling to be established on underused land which did not help solve the problems of deprivation in the north.
Similarly, the definition might have made some LSOAs more compact and expensive. At the same time, it enhanced the deterioration of some once heavily industrialised areas. Therefore, the severity of deprivation hot spots remained high in the local authorities which have higher dwelling densities on PDL (Figure 5b) .
Furthermore, since the local authorities in the Greater London region have mostly underused land while those in the northern regions at similar deprivation levels have mostly vacant and derelict land [42] , the approach to regenerate Greater London region should be quite different from that in northern regions despite similar degrees of deprivation.
The Greater London region has attracted more population during deindustrialisation on the contrary to the metropolitans in the north. Under the pressure of growing population, the metropolitan area has unavoidably become more compact [24, 52] . Because of this, renewing public infrastructure is equally important to providing housing. The target for housing on PDL was set to be 100% in the Greater London Region, much higher than the 60% target in England [8] . This might partially help to ease the housing demand but did not encourage updating public infrastructure.
On the other hand, the average dwelling densities have decreased in the north [24] . This may reflect in the increasing amount of underused land in the northern regions, while the amount of unused land fell (Figure 4a and 4b) . This hypothesis requires further spatial analyses of the locations of the PDL to confirm. However, given the reduced dwelling densities, the pressure of population growth appears not to be the major issue of brownfield regeneration in the northern regions. Therefore, the way of regeneration does not necessarily involve more buildings for residential use. This renders the redevelopment target of dwellings on PDL less meaningful for the regeneration.
Under this circumstance, a more community-oriented approach can be taken specifically for the communities surrounding the vacant and derelict land. The soft-end use of derelict and vacant land may be a more suitable plan to improve quality of life for current residents as well as contribute to the improvement of the environmental qualities (such as air quality) benefiting wider areas. This type of regeneration project aiming for creating open space and green infrastructure has been promoted by the Land Trust (previously Land Restoration Trust) for years in England. However, such efforts are not covered in the 60% target.
The local authorities with higher degrees of urbanisation had significantly worse average IMD scores and the severity of deprivation hot spots (local concentrations) (Figure 1b) . This partly explains the reason that the Greater London region was an exception to the regional trend of deprivation (Figure 1a) . Most of the local authorities in the region are highly urbanised. The positive correlation between the degree of deprivation and urbanisation implies that the effort of brownfield regeneration, aiming to create socio-economically sustainable communities, should focus on the unused land in highly urbanised areas. This can be addressed by a definition of brownfield focusing on derelict and vacant land, and by customising the targets of recycling depending on the regions and the degree of urbanisation.
PDL Definition in the Policy Should Prevent Further Benefitting "Cherry Picking"
The results of this study showed that achieving the 60% target has not reverse the trend of socio-economic deprivation ( Figure 5 ). Furthermore, despite more residential dwellings being established on PDL, greenfield development has not been prevented and a significant amount of PDL remains un-redeveloped (Figure 2) . Therefore, the policy of the central government promoting brownfield regeneration by encouraging more dwellings being established on PDL, in combination with the definition of the brownfield land, neither solves the socio-economic unsustainable conditions nor prevents greenfield development, the ultimate objectives of the policy.
Wong and Schulze-Bäing indicated that brownfield land redeveloped for housing purposes increased most rapidly in the most deprived areas in England between 2001 and 2008 [26] . They noted that in these neighbourhoods, the developer "cherry-picked areas with stronger gentrification potential and the highest profit yield in the earlier period" [26, p.16] . Deprived neighbourhoods where incomers were from similar or much more deprived areas were overlooked. Brownfield redevelopment has caused gentrification without actually improving the overall socio-economic sustainability of a region [27] .
The inclusion of the underused land in the target might be the result of government's intentions to accelerate the building of new houses in these areas to ease the shortage of housing. Giving underused land a brownfield status would mean the redevelopment can pass the "brownfield first" test during the application of planning permission, reducing the controversy of infill development. However, as the developers tend to pick the areas with better short term profit return, the inclusion of underused land may provide justification to develop some relatively expensive areas without providing affordable houses to the general public.
Based on this observation, a more specific definition of brownfield in regeneration policy is needed to motivate the private sectors to venture into regenerating areas that may see lower financial returns. At a minimum, a definition covering specific types of land associated with socio-economic deprivation may reduce the chances that the private sectors take advantages of their development projects being prioritised without contributing to sustainability of the communities. Our study showed that the types of land are more likely to be derelict and vacant land, but not underused land. Besides, the land that has been derelict for years is more likely to be a B site or a C site in the CABERNET model introduced earlier. These are the sites that cannot be recycled through free market dynamics and should be addressed by policy instruments [29] .
Furthermore, since developers are easily attracted to the opportunities of redeveloping A sites, and redeveloping C sites may be far from cost-effective, it may be mutually beneficial for the stakeholders (public or private) to focus on regenerating B sites. This position has been endorsed by the World Bank and Joint European Support for Sustainable Investment in City Areas (JESSICA) [38, 53] , the two institutes aiming to invest in sustainable development.
The World Bank is interested in B-sites sites for "other advantages that could justify incentives to attract private investment" [38, p.3] . For JESSICA, the marginal profit generated from redeveloping a B site may be just enough to attract private investment without enabling "returns above a fair market rate to be earned because of EU regulations on State aid" [54, p.22] . This can be considered one example of using regulatory power to encourage redevelopment of vacant or derelict land that is borderline profitable. The definition of brownfield in the regeneration policy purposely targeting B sites can channel resources in more cost-effective directions towards sustainable development, and prevent further decline of the neighbourhoods. The brownfield definition in the policy further includes the C sites can encourage revitalising the already deprived communities. However, this also means higher public expenditure on redevelopment.
The Regeneration Policy Should Target the Issues Relevant to Deprivation.
Wong and Schulze-Bäing showed that residential brownfield reuse improved the income and employment conditions in the most deprived neighbourhoods in England [26] . However, it is not clear whether this reflects the results of the replacement or the improved socio-economic conditions of original residences. Besides, using the economic deprivation indices only measuring income and employment overlooks other social domains that contribute to deprivation [43, 51] . They also argued that the higher than average increase in house prices in those areas was a positive effect of brownfield regeneration [26] . Unfortunately, the highest increase in house prices was observed in the areas where incomers had moved from much more deprived areas [26] . This could exacerbate the issue of affordability for deprived households. Therefore, whether the increasing dwelling densities on PDL improve the sustainability of deprived communities is inconclusive. This study showed that increasing dwelling densities alone is not sufficient in alleviating deprivation ( Figure 5 ). However, relationships between deprivation domains and brownfield remain to be explored to refine the design of policies as well as regeneration projects.
The Regeneration Policy Should Reduce Further Greenfield Development
Setting target on dwelling units but not areas of land may encourage high-density residential development in small brownfield areas to achieve the target [55] . At the same time, a single dwelling on a large greenfield plot could still be allowed. It is reported that "two-fifths of all land in residential use lies in rural contexts but only 24.55% of dwellings [24, p.S5]". This implies the space occupied by a new dwelling in rural areas may be almost twice as big as a new dwelling in the urban areas. Although the lower development density may mean less impact on greenfield sites, the alteration of vegetation, and the fragmentation of habitats or migration corridors are hard to avoid and sometimes irreversible. In this case, the greenfield or green spaces might not have been preserved by the target as intended.
Furthermore, the target only considering residential land use may push more residential developments establishing on PDL, while allowing the development of greenfield sites for industrial or commercial purposes [8, 55] . This phenomenon was prevalent in peri-urban areas in England between 2000 and 2006 [24, p.S9] . Therefore, the means of making urban settlement more compact such as converting houses with gardens in inner cities into flats to fulfill the 60% target may not necessarily help preserving greenfield sites. As shown in this study, still more than 40% of areas developed annually were on greenfield sites while much greater previously developed area remained un-redeveloped (Figure 2) . A more effective approach to preserve greenfield may be setting target on the amount of PDL area to be reused, or directly restricting the amount of greenfield to be developed.
A More Specific Definition and Mixed-Use Development Target
The complex factors influencing the results of brownfield redevelopment can be addressed by including mixed land use concepts into the PDL recycling target. In fact, both pervious and current Planning and Policy Statements by the CLG have declared government's intention to encourage mixed use of land [10, 23] . Mixed-use development encourages energy conservation, reduces the expense of commuting, and enhances the livability of the city. It may motivate citizens to move to urban areas and therefore, unnecessary greenfield development can be avoided.
Some of the local authorities in England, assisted by the Home and Community Agency, have initiated their own local brownfield strategies [5] . This demonstrates the need of a specified plan for different types of communities. Customised allocation of redevelopment quotas based on different land uses may reflect various combinations of PDL and land use demands in local authorities and optimise the results of the redevelopment.
The current coalition government in the UK scrapped the residential housing target in 2011 without setting a new target. It maintains the definition of brownfield as PDL with a few modifications such as excluding house gardens from PDL. Moreover, in the proposed National Planning Policy Framework, the "brownfield first" criterion was eliminated. There are concerns that this overly simplified framework may result in a longer appeal process and more greenfield development [56, 57] . We argue that the brownfield first criterion is necessary for sustainable development. However, the definition of brownfield in the national policy should exclude those areas that are financially profitable through redevelopment and irrelevant to socio-economic sustainability, namely underused land. Flexible mixed-use targets can be provided to communities to better facilitate sustainable brownfield regeneration.
Conclusions
This study argued that the definition of brownfield in England in conjunction with the 60% target has not effectively solved socio-economic sustainability. This is because the definition of brownfield in the policy has allowed cherry picking of the most profitable underused PDL for redevelopment. The target set for the percentages on dwellings is not helpful to preserve greenfield.
The study, therefore, suggests that for England, definition of brownfield should include only derelict and vacant previously developed land in the policy since the underused land is irrelevant to the socio-economic deprivation. This way, the policy instrument may effectively channel public and private resources into the redevelopment of B sites and C sites, the areas where market failure needs to be addressed.
Furthermore, the target set for the percentages of dwellings, but not the areas of PDL to be redeveloped or the areas of greenfield which can be developed, is not helpful to preserve greenfield. Customised and mixed used targets including planning for public facilities and the soft-end use should be considered depending on the demography and urbanisation.
As England is one of the countries with the highest population densities in the world, these results may have implications for countries or regions with high population densities facing the issues of brownfield regeneration for building socio-economically sustainable communities.
